The fusogenic effect of synthetic polycations on negatively charged lipid bilayers.
The effect of synthetic polycations, polyallylamine, and polyethylenimine, on liposomes containing phosphatidylserine was investigated along with that of polylysine and divalent cations. The addition of polycations caused aggregation of sonicated vesicles composed of phosphatidylserine and phosphatidylcholine (molar ratio 1:4) as determined by measuring the turbidity changes. Liposomal turbidity increased 10 times compared with that of control liposomes at charge ratios of polymer/vesicle from 0.23 (polylysine) to 2.5 (linear polyethylenimine), while the turbidity was unchanged by the addition of Ca2+ or Mg2+ at charge ratios up to 500. These polycations also induced intermixing of liposomal membranes as indicated by resonance energy transfer between fluorescent lipids incorporated in lipid bilayers, without inducing drastic permeability changes as determined from the calcein release. Fifty percent intermixing of liposomes (0.05 mM as lipid concentration) was induced by these polycations at charge ratios of around 1.0. However, the highest resonance energy transfer was produced by the addition of polyallylamine, which caused multicycles of membrane intermixing between vesicles. Polycation-induced membrane intermixing and permeability changes of phosphatidylserine liposomes were also investigated. At charge ratios of around 1.0, these polymers caused resonance energy transfer of fluorescent lipids incorporated in separate vesicles; however, polyallylamine and branched polyethylenimine also caused permeability increases of liposomal membranes. Membrane intermixing and permeability changes of phosphatidylserine vesicles induced by polyallylamine were dependent on the polymer/vesicle charge ratio, and were different from those induced by Ca2+ since the latter caused half-maximal membrane intermixing or permeability change of phosphatidylserine vesicles at about 1 mM at the liposomal concentrations investigated.